CLAIMS 



1 1 . An optical system, comprising: 

2 a pump source; 

3 a gain medium optically coupled to the pump source; 

4 a solid cooling element in physical contact with, but not bonded to, a 

5 cooling surface of the gain medium. 

6 a mounting apparatus that holds the solid cooling element to the gain 

7 medium. 

1 2. The system of claim 1, wherein the optical system is a laser. 

1 3. The system of claim 2, wherein the laser is Q-switched. 

1 4. The system of claim 2, wherein the laser is mode-locked. 

1 5. The system of claim 1 , wherein the optical system is an amplifier. 

1 6. The system of claim 1, wherein there are two cooling surfaces and two 

2 solid cooling elements. 

1 7. The system of claim 1 , wherein the heat flow is substantially 1 - 

2 dimensional. 

1 8. The system of claim 1 , wherein the gain medium is a thin disk gain 

2 medium. 

1 9. The system of claim 8, wherein the thin disk gain medium has a ratio of 

2 cross-section to thickness that is greater than 10. 

1 10. The system of claim 6, wherein the solid cooling elements are held in 

2 contact with the gain medium by the mounting apparatus by applying forces to the solid 

3 cooling elements in a direction substantially normal to the cooling surfaces. 
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1 11. The system of claim 1 wherein one or both of the solid cooling-elements 

2 are transparent at at least one of the laser wavelength and the pump wavelength. 

1 12. The system of claim 1 , wherein one or both of the solid cooling elements 

2 are sapphire. 

1 13. The system of claim 1 , wherein one or both of the solid cooling elements 

2 have a thermal conductivity > 100 Wm^K" 1 . 

1 14. The system of claim 1 , wherein one or both of the solid cooling elements 

2 are CVD diamond. 

1 15. The system of claim 1 , wherein one or both of the solid cooling elements 

2 are single-crystal, CVD diamond. 

1 16. The system of claim 1 , wherein the gain medium is Nd: YV0 4 . 

1 1 7. The system of claim 1 , wherein the gain medium is Yb: YAG. 

1 18. The system of claim 1 , wherein the gain medium is Yb:KGW. 

1 1 9. The system of claim 1 , wherein the gain medium is YbKYW. 

1 20. The system of claim 1, wherein the gain medium is an apatite-structure 

2 crystal. 

1 21. The system of claim 1 , wherein the gain medium is a stoichiometric gain 

2 material. 

1 22. The system of claim 1 , wherein the gain medium is a stoichiometric Yb 3+ 

2 gain material. 

1 23. The system of claim 22, wherein the stoichiometric Yb 3+ gain material is 

2 KYbW. 

1 24. The system of claim 22, wherein the stoichiometric Yb 3+ gain material is 

2 YbAG. 
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1 25. The system of claim 1, wherein the gain medium is a semiconductor. 

1 26. The system of claim 1 , wherein the pump source is a fiber coupled diode 

2 bar. 

1 27. The system of claim 1, wherein the pump source is a diode stack. 

1 28. The system of claim 1, wherein one of the solid cooling elements is 

2 directly liquid-cooled. 

1 29. The system of claim 1 , wherein one of the solid cooling elements is 

2 convectively cooled. 

1 30. The system of claim 1, wherein one of the solid cooling elements is both 

2 convectively and conductively cooled. 

1 31. The system of claim 1 , wherein there is a thin-film coating between the 

2 gain medium and the solid cooling element. 

1 32. The system of claim 1, wherein the thin-film coating is a multi-layer 

2 dielectric coating. 

1 33. The system of claim 1, wherein the thin-film coating is an AR-coating. 

2 34. The system of claim 1, wherein the thin-film coating is a HR-coating. 

1 35. The system of claim 1 , wherein the thin-film coating is a dichroic coating. 

1 36. The system of claim 1 , wherein the thin-film coating is a dielectric 

2 coating. 

1 37. The system of claim 1 , wherein the thin-film coating is a metallic coating. 

1 38. The system of claim 1 , wherein the thin-film coating is a combination of at 

2 least one of a set of coatings selected from: AR-coatings, HR-coatings ? dichroic coatings, 

3 dielectric coatings, and metallic coatings. 
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1 39. A method of removing heat from a gain medium of an optical system, 

2 comprising: 

3 providing a solid cooling element in physical contact with, but not bonded to, a 

4 cooling surface of the gain medium; and 

5 cooling the gain medium. 

1 40. The method of claim 39, wherein the gain medium has two cooling 

2 surfaces, each cooled by a solid cooling element. 

1 41 . The method of 33, wherein cooling of the gain medium is performed in a 

2 way to reduce a thermally- induced bulge. 

1 42 The method of claim 39, wherein cooling of the gain medium is performed 

2 in a way to reduce the maximum temperature. 

1 43. The method of claim 39, wherein cooling of the gain medium is performed 

2 in a way without creating a fracture of the gain material. 

1 44. The method of claim 39, wherein cooling of the gain medium is performed 

2 in a way to reduce a thermally induced lens. 

1 45. The method of claim 39., providing a gain assembly comprising: 

2 at least one solid cooling element in contact with, but not bonded to, a cooling 

3 surface of the gain medium. 

1 46. The method of claim 45, wherein the gain assembly includes a thin-film 

2 coating. 

1 47. The method of claim 39, wherein cooling of the gain medium is performed 

2 in a way to provide substantially 1-D cooling. 

1 48. The method of claim 39, wherein cooling of the gain medium is performed 

2 in a way to allow expansion of the gain medium. 
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